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hsned \mhw\u\c potential £, can follow at ﬂ»)».\mc FALZhowa vutput currents dieasured sith 1 constaat b
speed, - TSV otherwise the setup s thd samie as explamed above The §
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Fig. 2 shows measuremenis of 1, ggatast 17, for three ditTer-
ent boundary conditions, Curve (i) W‘IAS obtuined at high-voltage <
conditions wieh 37, = T3V and b, =70V The unloaded vutput
jumips at 17, = 17 from 2 pear-zero vilue 1o its maximum limited

by D3 1g£4\V. Cume 111 was measuréd under low voltage condi-

tions, #e. by, = 1y 2 5V and ¥ W, o ¥pe-Twg adduional Induced second-harmanic generation in
effectdgre Chycrvad: planar waveguides by an externally applied
5 - periodic DC electric field: Efficiency as a
function of field structure
»
3 M.L. Bre Syl - Jocta
— L. Brauer, 1. Dajani and }.J. Kester
L4
a
=0 "
E’ ( Indevang terms Optical burmonse generation. Optaal wavegnde
> " theory. Funte ciement arai. s
v () :
3 The efficiency of wvond-harmonie zenerazion 1SHGH wduced by
-; an evternally applied seniodic DO electnic tield was inves
° .3 g A finete elemiant m2tbad wias wsed 0 find the sate eloctr fick!
- due 1o different nterdigitated elevirode structures. The resalting
Tema— fields were wsed 1o ca'culate the overtup integrals which deteramee
— -5 . : the SHU officiency 1n an optical waseyuide The results shiw thasg
—— o) 2 4 3 8 1C there are reasonabie dilferences 1 SHG elioencies for the
Son—— oS tive 1gput voltcge V structures tnvestigated
== ( [ S 0,
= h 3 MedNtad osapnt Sarrent at V.3 o2 25V for M}'« diiferent Efficient frequency doubiing of radistion has been observed i
TIEL e germanium doped sibica fibres (1] and plonar waveguides [2] Al of
1. measuted ot b= 13V, othetwissame measufement selup as the theories that have been proposed to ¢xplain this piicnomenon
n b 2 are based on the hypothews that an nteenal pentodic DO electiie

lield 15 resporyible for 2 nonvanishing second-order susceptibihty
7 and the necesaary quasinhase matching for eflicent SHG [3)
01 The muumem outpet yoftuge i reduced to 49V, the fast This " s fouad to be proporuonal 10 the product of the third-
tooin¥ are dropped st the desaturded current source /. order susceptiblity, . and this induced field The periodic DC

- electne field induced osihica can be generited by several methods,
) The ﬂul;\u;.\\‘lugc Jumps as exppeted at > .= 25V, such as sceding by the sevond harmome (3] and by applying 3n
But not (o s um external perrodic DC eleving field (3] Traditionaly, the evteraal
periodic DC clectne fichds have been generated using mterdigiiated
IFhoth b7 and 1, are dess then Pl the potential of node N1 electrode structures, Hawever, hitle has been done 10 understand
(5 may betess thun P, abw, and e have s 1, For ¥ = the effect of using dillerent electrode structures vn the etficiency of
Vo the full output yokTge swing of @ I, is avaiiable st the out- SHG.
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We nvestieated the etfiaency of SHG s an optical, thin- i,
planar swanvepuide as o funchon of the eviernally applied penodie
DC electne field Three DU nickds were simulbated uning mrerdigt-
tated electrnde structures with vacmyg clectzade widths and spuac-
mes These evternally apphed penodic DC eledne Acdds mduoce
the ternal polansation responsible for efficient SHG.

3lGss mount for
electrodes

otar

woveguide

Fie. ¥ Crow-vection of waver
1rodes

de structure mchading mtesdigitated clec-

The simulated structures conssted of 3 thin-fiim wavegurde
Jeposited on a silica substzate with the interdigitated  electrodes
mounted on glass and sacated on d thin il of i above the
waveruide as shown in Frgo 1. For all three structures investigated,
the thickness of the thin iim of wir was 0.3 um and the thickness
of the wavegmde was Zum. The indices of refraction of the
wivegunde and substrate at the fundamental wavelength (1064 nm)
are 1.332 and 1.4396, respecusely. For the second harmonic. the
corresponding indices are 1 27 and 1 4607 We analysed the SHG
using a A, made for both the fundamentd and the second har-
moni. The periodicity for quanphase matching was determined
from the eapression

where B, s the propagation constant for the fundamental and #,,
15 the propagation comstant for the second harmonic. For the
thice structures analysed. the electrode width was vaned (2.5, 5.0,
and 7.3um) while the penadianty (20uwmi was kept constant,

To compare the retatne efficiencies of the different electrode
structures. a Ninite element micthod computer simulanon was used
o find the static electnc field due to the electrodes in the
warepunde. The resuits were then used to caleulate the growth of
the second harmonic along the direction of propagaton, =, in the
plinar wineswde. The cpression for this prowth was derived by
applying the normal maode analy<is to the wase equation and
uning the slowly-varsing envelope approximation m a manner sim-
dar o standard second-harmonie efficiency derivations (5] The
rate of growth of the compiav amphitude of the second harmonic.
a-, s Tound 10 be proportieaal to the overlap integral and is given
by

Eovn o E o 0nES_(yydu (2)

where £, v the v component af the externally apphed perodic
D el due 1o the electn . E.and E | represent the transverse
mode distnibution of the fundamental and second  harmonic,
respeviively, and AR s the phase minmatch piven by AR = B -
2% Note that we have assumed that the amplitude for the fundi-
mientst s much lasger than that for the second harmonic. The
power of the second harmonic s then given by the square of the
maodulus of the imteeral of egn 2 along = and s expressed as

120~y ”//1“. e ot B i dyds
13

This equanon swas used to compute the second-harmonic power
for the three ddferent electrode structures

The profiles of the y-component of the statie electne fickd, £,
for the three dutferent electrode structures are shown o Fig. 2 The
plots are shown from the wentre of the spacing between the elee.
trodes W the eentre of the civtrodes for different depths (v = €, -
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Fia. 2 i-component of £, for ihree ditterens eleciionde st unes

a2 Flectrode width
b Flectrode wudth =
¢ Electrode width =

TR

Paum. and -2 m the wavegtde and s ssmeictng across the
entire structure The acvuracy of the computer cede was chedked
by simulating cases with geometries that have known analytea!
solutions, and the error was found 1o be less than 17,

We compared the power generated i the second harntome tor
the three differeat structures notimalined to the siructure with the
lowest efficieney. The resulis are sunungnsed in Table |

Table I: Comparison of power gencrated 1 secend harmome for
three struciures

v vde‘»«‘.a{mﬂ“]"' I
ormalised SHG power 10 :

L -

We conclude that there v over a factor of 2 diference m the

efficiency of SHG based on the relative width of the clectoade
compared 1o the periodicity of the electrode siructure The diter-
ence indicates that structures with sader electrades twhide not
eaceeding the drelectre Dreakdown between the dlecirodes) base
more cfficient SHG
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éybrfd’ﬁ'ﬁg coupler o
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Indesing tom ACMICs Tramsouvsion lines, Waseguide couplers

A new 150° hatnd nng coupler s teported. This coupler uses
& . coplanar wareguides and has a very small circumfercrisg of anly
0677, A handwidth greater than one ociave s demonsgfated.

fntroducion: Mimatunsed 1807 habrid couplers are required for
monalithic ntegration Some attempts have already been made 1o
reduce the size of the well known )., circumference microstrip
rt-race coupler [1-3] bat this has led 1o narrowhand operation.
We previously proposed (3] the use of untplanar waicguides 10
achieve both small size and wadeband operation. but our structure
had the -Eport fed in 2 slotline. which 15 the major drawback
when full coplunar access 15 required. In this Letter we propose a
ew widehand, smail-c:ze coupler having all the ports fed copla-
r. No space coqly tramitions are used,

gng )gso
owput Tort 2 P
Crossover
zoom T
TN 2 Donde S ate
cressover

four coplenar
stmio arms

cutout Zert?

Fig.l l/)‘h’rnl rieg Congier
./'
/('uu/r/w design The coupier s shown in Fig 1L 1 has a ring topol-
{ ogy. consntng of fogs arms Each arm is made of 4 teansmission
s Inu symimictrnest desiett wff the fer arms are sdentr-

cal. In such a case there s one degree of freeddm (the arm elecin-
cal Jength ). The devign equation is -

. L ST
o= Lo 21 e n

where Z, is the_port fmped.ance tusually S003 and 0 is the clectn-
cal lcng;hﬂﬁ\nc arm at the central treguency £ From cgn 1 s
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obvious that the minmmum artGiiterence of tic conpler s i RS
Simulavons indicate that wadehand operation s obraned tor el
atvely small vabue of 1 Our desten has been miade witiv 4 - oo

leading 4670 chatauersie impedance /o 37602 $u
copler-—strine are poed as transansion bnes becauseiliey afiow
wncasy crossover of the (wo stipe Because s << o (hag 11 we
computed the propagation characieristics of the coplanar st hine
as forastothine, using the Cohn meihod (5] The crovsoner s nec-
ety to provide the 1¥07 phase stift needed at the 1ot Tac
crossoner may be placed atany position sty arm PN dun, e
bondingg Wires have heen tiaed to reabise the crossoser and tovioe
nate (e sven propayation moede on the @ var dines
Pher neth shouid be kept as short as possibsle o ',:':}nnu\c ware
selfemductunce. For thiy reason is maportant o m)

(XN

uaise hoth
vaplanar hae total width w=2¢ an the ¢rossover danens oo
Howerer. un eatreme crossover wize reduction fat the photobithos
graphic ity Jeads o umdesired coupline By the zup capucitance
Power 18 radiated at the coplanar stop apertures creatad by the
crossoner. but a mutual radiated Held canceilation effect i procen
becituse the electric fietds in the two apertares have opposite sgns
Coplanar access Jfies are connacted 10 the coplanar stips usinye
tee juncting N attemipt has been made 10 moded this juncion
because the dungnuons of both the acoess hines (v and 2 and the
coplundr staips palresh are sery small

An important feature of the coupler v thet the mhpul RIRENIE
tude and the phase balances are excelient. as the crfsvner pro-
vides an almost perfect 180° phase shift an the whole frequency
range. Thic is an advantage with respect 1o the microstip impie-
mentatons of the 180° habnid, where the 7, 2 delay fine gres 4
1R0° phase shift only at the c2ntre frequency

The coupler hus been fabricated on an a'uming substrate (¢, =
9.9. h = 233wn metal thickness dum) without a pround plane
The cnuplcr}cc‘nuc frequency Iy fo = 6GHz The maost relevam
gcomclrw;[ parameters are listed m Table 1,

i

Table 1: Coupler geometrical parameters

T T T T T T T T iaS T T
W7 Z Crreum Ring jCoplanarCoplanar Codasorer S0Q acceas
!fcrcncc'r:xduu stiip stp Teoplunar b coplan o f

width | Lap s .‘ strp I line !
L‘__l 4 d —‘l eap 1 [dimensions!

deg o e o -
60.0157.0,067, | 1478 | 300 | oo ] o l
| S PR e

We [:b\ul out that the coupler tapology deseribed here 1s alwe
suitable for an assmmetric design e whemadiacent acms aie not
identical). The coupler can be transformed mi)a a balun by simply
closing the H-pott on a 300 impedance.

143/ division

Figee 2 Congrlor transmssaion witen pod to {1 s G S, 1

Experoncagad resdy The coupler Bas been tesiad botweon | oand
tacittz 1

mduded  The laner are relatnehy toae (Tmm

cfiect of connoctors and aasuss voplanar hies e
ul poate and
the trananie:

3. 4mm autput ports aceess Bines Tenctha dezrad
st Therctore, the smnmsaie voupler transthisaon o~ Sdi betier
than measured For the same reason tnmae rellection b s
somew hat better, too Coupler tramsmivvon and rellection hos e

2and Y The coupler moasnred chataoanstios m

T 299
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